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unaffected by the presence of endogenous glycosylated IL-2. 
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A PROCESS FOR THE DETERMINATION OF INTERLEUK1NS 



Within the last decade, it has become clear that immunocompetent cells produce both antigen-specific 
and ncnspecific molecules which enable them to communicate with other immunocompetent cells in the 
Generation and control of the immune response [Waksman, in Lymphokine Reports, Vol. I, 1980. Pick (Ed.), 
Academic Press. New York, 1; Germain, in Lymphokine Reports, Vol. I, 1980 Pick (Ed.), Academic Press, 

5 New York, 7]. When such molecules are secreted by B- or T-lymphocytes, they are termed lymphokines; 
when produced by macrophages or monocytes, they are called monokines. These protein and glycoprotein 
molecules, which are secreted by cells and which act upon other cells in close proximity to them, have 
been classified as cytokines. This type of local cet! regulation by protein and peptide molecules has been 
termed autocrine to distinguish this type of cellular regulation from the endocrine system, where mediators 

70 are carried by the blood and act on target tissues at distant sites. 

lnter!eukin-2 (IL-2) is one of a number of lymphokines which ptay a critical role in the regulation of 
immune responses. It was first identified as a discrete entity by Morgan, Ruscerti, and Gallo [Science 193 
:1007 (1976)]. Previously known as T-cell growth factor (TCGF), IL-2 is secreted by T-tymphocytes after 
exposure to mitogens or antigens. It is this second signal which further stimulates proliferation of T- 

i5 lymphocytes. This glycoprotein molecule is intimately involved in the induction and sustenance of virtually 
all immune responses in which T-cells play a role [Farrar et al „ J. Immunol. Rev. 63 :129 (1983)]. IL-2 is 
believed to provide a universal signal for the proliferation of mature T-cells through its binding to specific 
cell-surface receptors. IL-2 has been shown to induce antigen-specific cytotoxic T-lymphocytes. natural 
killer cells, or Symphckine-activated killer ceils, all of which are implicated as effector cells in surveillance 

20 against malignancy, and to reconstitute functional T-cell responses and to assist in the immune T-ceil- and 
chemotherapy-induced elimination of established murine syngeneic ieukemias [Smith, Immunol. Rev. 5\_ 
:337 (1980); Robb et al J. EXP. Med. 154 :14S5 (1981); Altman et ai Proc. Natl. Acad. Sci. USA -.2176 
(1984)]. 

Abnormalities in IL-2 production and/or response are associated with several diseases. Such defect 
25 have been identified in humans with systemic lupus erythematosus, in aged individuals, in children with 
primary immunodeficiencies, in bone marrow transplant recipients undergoing a graft-versus-host reaction 
and in parasite-infected mice. IL-2 may be useful as an immunological response modifier in cancer patients 
[Key et al Immunol. Letters 6 :175 (1983)]. 

S7stemic administration cf autologous iymphcKine-activated killer (LAK) cells and recombinant]'/ derived 
30 IL-2 to 25 advanced metastatic cancer patiems resulted in regression of the cancer in 11 of the 25 patients 
[Rosenberg et ai ., N. Eng. J. Med- 313 : 1435 (1985)]. 

The entire "primary sequence of lnterleukin-2 has been described by Taniguchi et al . [Nature 302 :305 
(1933)]. IL-2 contains 1 33 amino acids and has the following sequence: 

35 



40 



45 



50 



D 



EP 0 405 467 A2 
1 10 

Ala-Pro-Thr-Ser-Ser-Ser-Thc-Lys-Lys-Thr-Gln-Leu-Gln-Leu-Glu- 

20 30 
His -Leu-Leu-Leu-Asp-Leu-G In-Met- 1 le-Leu-Asn-Gly- 1 le-Asn-Asn- 

40 

Tyc-Lys-Asn-Pro-Lys-Leu-Thr-Arg-Met-Leu-Thi-Phe-Lys-Phe-Tyr- 

50 60 
Met-Pro-Lys-Lys-Ala-Thr-Glu-Leu-Lys-His-Leu-Gln-Cys-Leu-Glu- 

70 

Glu-Glu-Leu-Lys-Pro-Leu-Glu-Glu-Val-Leu-Asn-Leu-Ala-Gln-Sec- 

80 90 
Lys-Asn-Phe-His-Leu-Arg-Pro-Arg-Asp-Leu-Ile-Ser-Asn-Ile-Asn- 

100 

Val-Ile-Val-Leu-Glu-Leu-Lys-Gly-Ser-Glu-Thr-Thr-Phe-Met-Cys- 

110 120 
Glu-Tyr-Ala-Asp-Glu-Thr-Ala-Thr-Ile-Val-Glu-Phe-Leu-Asn-Arg- 

130 133 
Trp- Ile-Thr-Phe-Cys-Gln-Ser-Ile-Ile-Ser-Thr-Leu-Thr . 

The amino acids and the corresponding three-letter designations and single-letter designations are as 
follows: 



Amino Acid 


3-Lerter 


1 -Letter 


Aianine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspariic Acid 


Asp 


D 


Cysteine 


Cys 


C 


Glutamic Acid 


Glu 


E 


Glutamine 


Gin 


Q 


Glycine 


Gly 


G 


Histidine 


His 


H 


Homoserine 


Hse 




Isoleucine 


He 


I 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylataine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Theronine 


Thr 


T 


Tryptopan 


Trp 


W 


Tyrosine 


Tyr 


Y 


Valine 


Val 


V 



Although^it'may theoretically be possible to synthetically produce lL-2, this method is not yet 
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for the production of quantities of homogenous material 1L-2 is presently being produced recombinant^ in 
fermentation culture. Monoclonal antibodies are useful analytical reagents for the large scale production and 
purification of IL-2. 

Giilis et al . [J. Immunol. 126 :1978 (1981)] reported the production of a B cell hybridoma whose 
s antibody pToduct inhibited IL-2 "activity. BALB/c female mice were immunized with iL-2 isolated from rat 
splenccytes. The spleens of the immunized mice were removed and single ceil suspensions were 
produced. These spleen cells were fused with the BALB/c myeioma Sp2/0. A monoclonal B-ceil hybridoma 
was isolated whose IgG product appeared to be directed against a determinant present on molecules of 
human, mouse and rat IL-2 (Attman et al ., supra ). 
to Stadler et al ., [J. Immunol. 128 :1620 (1982)1 immunized BALB/c mice with partially punned human IL- 
2. Tne spleins of the immunized mice were harvested and the spleen cells were hybridized with 
plasmacytoma cells. Supernatants of the hybridoma cultures were screened for their ability to inhibit IL-2 
proliferation of the CT6 cell line. Eight different lines were found to produce antibodies which inhibited the 
proliferation of the IL-2 dependent cell line in response to either crude or purified human IL-2 as well as rat 
75 and mouse IL-2. These anti-IL-2 antibodies did not inhibit the proliferation of human T-csll lines capable of 
producing IL-2. 

Smith et al [J. Immunol. 131 :1808 (1983)1 have described the preparation of three monoclonal 
antibodies to lL~-2 which are identified as DMS-1, DMS-2 and DMS-3. DMS-1 and 2 reacted specifically with 
IL-2 as demonstrated by antibody concentration-dependent neutralization of IL-2 activity. DMS-3, although 

20 less effective in neutralizing IL-2, bound to IL-2 more avidly and functioned as an immunoabsorbent. 

Altman et al ., [Proc. Natl. Acad. Sci. USA 81 :2176 (1984)] have described the preparation of polyclonal 
antibodies to" human IL-2, using as immunogens eight synthetic peptides derived from the predicted amino 
acid sequence of IL-2. Each peptide consisted of 13-15 amino acids and was derived from the IL-2 
sequence data published by Taniguchi et al supra . Antibodies to four of the eight peptides were found to 

25 bind to IL-2. An affinity-purified antibody to one of the IL-2 peptides specifically stained the cytoplasm cf 
phytohemaggiutinin-siimulatsd human peripheral blood lymphocytes. None of these antibodies dem- 
onstrated neutralization of IL-2 activity. 

Robb et ai ., [Prcc. Natl. Acad. Set. USA 80 :5990 (1983)3 have reported the preparation of a 
monoclonarantTbody designated IH IMA5 which specifically reacted with the carbohydrate residue at amino 

30 acid 3 of IL-2. This antibody was used for affinity purification of glycosylated IL-2 but did not inhibit the 
biological activity of IL-2. 

Monoclonal antibodies to IL-2 provide powerful analytical and diagnostic toois for the study of IL-2 
biclcgicai activity as well as the immunopurificaiion of IL-2, the cevsiccmeni c: iL-2 immunoassays, the 
identification of the active site of the IL-2 molecule and an assay fcr in vivo studies exploring the 
as physiological role of IL-2 in the immune response. Although monoclonal antibodies to IL-2 are known, few 
are available which may be routinely utilized as affinity reagents for the purification of IL-2 and as reagents 
in a sensitive two-site immunoassay for IL-2. 

Tne present invention provides monoclonal antibodies against IL-2 which have utility in the investigation 
of the regions of IL-2 responsible for biological activity and as affinity reagents for the purification of human 
40 and mouse IL-2 as reagents for a sensitive two-site immunoassay. The invention further provides methods 
for the use of the novel monocional antibodies of the invention as an affinity matrix to purify IL-2 and for the 
use of the monoclonal antibodies of the invention in a two-site immunoassay for quantifying IL-2 in a 
biological sample, e.g. , serum or plasma. 

Some of the monoclonal antibodies of the invention are characterized by an ability to bind to and 
45 neutralize the-bioiogical activity of ungfycosylated IL-2 and an inability to bind to glycosylated IL-2. 

All references cited herein are hereby incorporated in their entirety by reference. 

The invention is directed to monocional antibodies specific to native IL-2, recombinant IL-2. and IL-2 
synthetic peptides. The invention is further directed to three groups of monoclonal antibodies having the 
following characteristics: 

50 Group 1. Monoclonal antibodies which inhibit IL-2 function to greater than 50% in both the IL-2 Bioassay 
and the Receptor Binding Assay and which bind (i.e., recognizes the epitope) between amino acids 1-12, 
9-19. 41-55 or 21-123 on the native or recombinant human IL-2 protein. 

Group 2. Monocional antibodies which have high affinity for native or recombinant human IL-2 as 
measured by IL-2 RIA assay (radioimmunoassay), which do not inhibit IL-2 function when measured by 
55 the IL-2 Bioassay and Receptor Binding Assay and which bind between amino acids 40-70, 42-56. 21- 
123, 73-87. 52-70, 66-87, 107-121 or 71-87 on the native or recombinant human IL-2 protein. 
Group 3. Monoclonal antibodies which inhibit native or recombinant mouse and human IL-2 in the IL-2 
Bioassay ^nd the Receptor Binding Assay and which bind between amino acids 41-55 .on the IL-2 
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protein. 

The monoclonal antibodies (mAbs) of Group 1 inhibit IL-2 function to greater than 50% in the IL-2 
Neutralisation Assay and in the Receptor 8inding Assay. The mAbs of Group I recognize or bind tc an 
epitope located at amino acids 1-12. 9-19, 41-55 cr 21-123 on the native or recombinant IL-2 protein. These 
s mA'cs can be used to identify two separate amino acid sequences which are necessary for the bioactivity of 
IL-2; i.e., seauences 9-19 and 41-55. 

Some of the monoclonal antibodies of Group 1 of this invention can specifically bind to and neutralize 
the growth-promoting biological activity of unglycosylated human IL-2 but do not bind to glycosylated 
human IL-2. These antibodies, which will hereinafter be referred to as "carbohydrate-blocked" antibodies. 
io bind to the threonine residue at position 3, near the amino-temninus of IL-2, 

Rcbb et al . [Proc. Natl. Acad. Sci. USA 81 :6486 (1984)] have shown that natural IL-2 made by induced 
JURKAT cillFis composed of three major species having the normal amino acid sequence {Taniguchi et al 
supra ) which differ in molecular size and in the degree of glycosylate. One IL-2 species made by such 
celJThas a molecular weight of about 15.600 daltons and is completely unglycosylated. The other two major 
75 species are glycosylated in different ways at position 3. The carbohydrate-blocked antibodies of this 
invention cannot bind to the glycosylated IL-2 species because the carbohydrate attached to the threonine 
at position 3 inhibits binding at that point. 

3ecause of the unique ability of the carbohydrate-blocked monoclonal antibodies of the invention to 
bind to unglycosylated IL-2 but not to glycosylated IL-2, they can be used in an immunoassay to mere 
20 accurately monitor blood levels of unglycosylated recombinant IL-2 administered therapeutically to patients. 
Endogeneous levels of natural, glycosylated IL-2 will of course not be recognized by these antibodies and 
thus will not affect the results obtained in such immunoassay using these antibodies. 

As an example of a carbohydrate-blocked mAb. antibody 531 was prepared and characterized as 
described beiow. It must be stressed, however, that other carbohydrate-blocked mAbs can reauiiy be 
25 prepared using analogous procedures and routine experimentation. Hybridomas are made using un- 
ciycosylated IL-2 as an antigen and screened as describee below using a small peptides the amino acid 
secuencs of which corresponds to a subsequence cf human IL-2 (comprising from about 10 to about 40 
amino acids) and contains the 3-position threonine. Antibodies from hybrfdoma clones that are positive by 
such screening are then tested in an immunoassay, using glycosylated and unglycosylated IL-2 to identify 
30 those which bind to the unglycosylated IL-2 only. 

The monoclonal antibodtes of Group 2 do not inhibit IL-2 function. Group 2 monoclonal antibodies of in* 
invention have a high affinity (10 7 -10 2 M'-) for IL-2 when measured cy Radio Immunoassay ana are thus 
useful as reagents for affinity chromatography, to purify or isolate human IL-2 and aiso for antibodies in tne 
Two Site Immunoassay. Group 2 mAbs identify amino acid sequences which are not necessary for the 
35 bioactivity of IL-2. 

The monoclones of Group 3 inhibit both mouse IL-2 and human IL-2 function in the IL-2 Neutralization 
Assay and Receptor 3inding Assay. The mAbs of Group 3 ere particularly useful as modoel antiagonists cf 
IL-2 action in both in vitro and in vivo assays. Furthermore. mAbs in this group are particularly suited for 
incorporation into an~a"rfinTty matrix for the purification of human or mouse IL-2 and especially for the large 
40 scale production of mouse IL-2 which is needed for pre-ciinical studies. 

The term Enzyme Immunoassay ("E1A") refers to the following assay. Hybridoma supernatents are 
reacted with either r-IL-2 or IL-2 synthetic peptides immobilized on a solid substrate, ejj. , a microliter plate. 
Following secuential incubations with goat anti-mouse IgG coupled to peroxidase and o-phenylenediamme. 
the amount of antibody bound to r-IL-2 or IL-2 peptide is determined by reading the optical density (OD 488 
nm) of each weTf. A positive result is scored if the specific binding is greater than 10x background value. 

The term "Neutralization Assay' refers to a conventional T-cell growth assay as described by Gillis et al 
. [J. Immunoi. 120 :2027 (1978)]. Minor modifications to the standard procedure are within the skill of the art 
and may be appropriate depending upon individual requirements. Briefly, an IL-2 dependent cloned murine 
cytotoxic T-cell line is incubated in the presence of IL-2 and the monoclonal antibody to be tested. If the 
monoclonal antibody binds to a "neutralizing" epitope on the IL-2 protein, IL-2 will not be available tor 
uptake by the T-cell line; that is, the monoclonal antibody "neutralizes" the IL-2 activity. If the mAb does not 
bind to a neutralizing epitope on the IL-2 protein. IL-2 will be available for uptake by the T-cell line. 

The term "Binding Assay" refers generally to a procedure developed by Robb et at . [J. Exp. Med. 154 
•1455 n 981)] As used herein the term specifically refers to an assay which measures the ability of tne 
monoclonal antibody to inhibit the binding of radiolabeled IL-2 (^!-IL-2) to receptor sites on target cells. 

The term "epitope" (sometimes referred to as an "antigenic determinant") is an area of the IL-2 
molecule to_which a monoclonal antibody of the invention binds. This "area of the IL-2 molecule" is the 
amino aeid-sequence recognized by the mAb. According to convention, the amino acids in the- IL-2 protein 
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are numbered starting from the N-terminaf amino acid; thus the amino acid segment 1-12 is the first twelve 
amino acids of the IL*2 protein. 

The term "Radio immunoassay" (RIA) refers to an assay which measures the ability of the monoclonal 
antibodies of the invention to bind to 125 1 labelled IL-2. The monoclonal antibodies of the invention are 

s incubated with goat anti-mouse IgG coupled to a solid substrate (agarose beads). The beads are pelleted 
by centrifugation and the pellet is incubated with 12S l-labe!led IL-2. After pelleting and washing to remove 
unbound l25 i-!L-2, the affinity of the mAbs for the labelled IL-2 is determined either by the method of Muiler 
[Methods in En2ymology 92 :589 (1983)] or by the method of Scatchard [Ann. N.Y. Acad. Sci. 51 :660 
(1949)]. The radioactivity is~counted using a gamma counter. 

jo Peptides were derived from the published sequence of the amino acid sequence of human IL-2 [Robb 
et al [Proc. Natl. Acad. Sci. USA 81^ :6486 (1980)]. Synthetic peptides were prepared by the Merriefield 
solid-phase method [Barany et al ., in The Peptides: Analysis, Synthesis, Biology Vol. 2, 1980, Gross et al . 
(Eds.), Academic press, New" Ybrk t ~pp. 1-255: Tarn et a I., J. Am. Chem. Soc. 105 :6442 (1983)]T~fhe 
composition of all peptides was confirmed by amino acid analysis. The amino acid sequences of IL-2 and 

is the synthetic peptides used to probe the hybridoma supernatants are shown below. 

1 10 20 

H-An-Pro-Thr-Ser-Ser-Ser-Thr-Lys-Lys-rhr-Gln-Leu-Gln-Leu-Glu-His-Leu-leu-Leu-Asp- 
20 . 30 40 

L8«^1n-Met-n»-Le U -Asn-Qly-n.-A5n-A$n-Tyr-Ly$-Asfl-?ro-Ly$.L W -Thr-Arg-H e t-Liu- 

50 60 
Thr-Phe-lys-Phe-Tyr-Met-Pro-Lys-Lys-Ala-Thr-Glu-Leu-lys-His-leu-Gln-Cys-Leu^lu- 
r . 70 90 

30 

Arg-Pro-Arg-ASD-Leu-r.e-Ser-Asn-r'e-Asn-Val-ne-ViUleu-Glu-Lsu-Lvs-Giy-Ser-Glu- 

n ° 120 
Thr-ThP-?he-Het-Cy$-G1u-Tyr-Al4-Ajp-Glu-7hr-AU-Thp-ne-Val-51u-Phe-Leu-Asn.Arg- 
30 130 133 

Trp-n e -Thr-?he-Cyr-Gln-Sar-n e -ne-Ser-Thp-Leu-Thr-:H. 



Contiguous Peptides : 

1-12, 13-26, 27-41, 42-55. 57-70, 71-87, 53-105, 105-121, and 122-133/ 
Overlap peptides : 

1-19, 9-26, 9-47, 10-47, 23-41, 30-70, 36-56, 40-70, 52-70, 66-87, 78-87, 84-105, 98-121, 107-121 and 1 16- 
133. 

Recombinant IL-2 analogs were prepared as follows: 

Defined amino acid changes were made by mutagenesis of a double-stranded DNA plasmid capable of 
expressing human IL-2 protein in E . coli . The procedure for site-specific mutagenesis utilizes synthetic 
oligonucleotides which code for amino acid changes and was performed as described by Morinaga et al . 
[Bio/Technology 2 :636 (1984)]. For each mutation, 100 ng of gapped and linear plasmid DNA were mixed 
with 1 pmoie of~phosphorylated synthetic oligonucleotide. The DNAs were denatured by heating, then 
allowed to anneal at room temperature. The single-stranded region of the heteroduplex molecules which 
formed was then filled in, incorporating the synthetic oligonucleotide. A sample of the DNA mixture was 
then transferred into E . coli strain MC1061. Bacteria! colonies containing the mutated plasmid were 
identified by specific hybridization to the :a ?-labelled synthetic oligonucleotide under conditions in which the 
wild-type !L-2 DNA did not hybridize. The mutated plasmid was induced to express the recombinant IL-2 
protein analogue by growth of the host ceils at 42* under standard conditions. 

The analogs in which single amino acid changes were made are shown in Table 1. Note that two 
different analogs were prepared based upon substitutions at each of positions 17 and 45. Additionally, 
several deletion mutants were prepared in which amino acids 1-10, 1-20 and 124-133 were deleted from the 
native protein. 
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To achieve high titers of anti-IL-2 antibodies in the serum, it is important to use between about 25 to 
about 50 ug of immunogen. preferably about 50 ug of immunogen, at day 0 and 7 followed by a booster 
immunization of from about 50 ug to about 75 ug of immunogen at day 30 (preferably about 75 ug of 
immunogen) to obtain E1A and RIA titers of from about 1:0.5-10 X 10 s and about 1:1-2 x 10 3 dilution 
respectively. 

The following examples provide a more detailed description of the preparation and use of the 
monoclortf fiSBbodies of the invention. 
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Example 1 



Immunizations 



Eight female Ba!b/c mice {Charles River Laboratories, Wilmington, Mass.). 8-10 weeks of age, were 
immunized with 25 to 50 ug of recombinant human interleukin-2 (rlL-2) in complete Freund's adjuvant on 
days 0 and 7. The immunizations were at three sites: one intraperitoneal injection {i.p.J and two subcutane- 
ous injections into the left and right inguinal region. On day 30 the mice were bied via the retro-orbital 
plexus and their sera were tested for anti-IL-2 antibodies in an enzyme immunoassay (ElA) and a 
radioimmunoassay (RIA). The mice were given an intraperitoneal booster immunization of 50-75 ug of rlL-2 
on day 60 and were bled again on day 90. The sera were tested for anti-lL-2 antibodies and subsequently 
for ability to inhibit the bioactivity of IL-2. The inhibition of IL-2 bioactivity was evaluated by two methods: 1) 
neutralization of IL-2 dependent growth of mouse CTLL cells or human peripheral blood lymphocyte blasts, 
(Neutralization Assay) and 2) inhibition of binding of ,25 !-labelled IL-2 to target cells {Receptor Binding 
Assay) Both assays measure high affinity antibodies which bind epitopes on IL-2 that are necessary for IL-2 
to bind the cellular receptor. The sera from day 90 demonstrated EiA and RIA titers of approximately 1:0.5- 
10 X 10 s and 1:1-2 x 10 3 dilution, respectively, and also inhibited the bioactivity of IL-2. Forty five to 100 
days after the second bleed, the mice were given an intravenous (i.v.) and an i.p. booster immunization on 
each of three successive days with 50 ug of rlL-2. On the fifth day, the mice were killed the spleens were 
removed for preparation of spienocytes. 



45 



Examole 2 



Preparation of Hybridoma Cell Fusions 



50 



ss 



Two cays before fusion, sclenocyte feeder cells were prepared from naive mice in ccr.piete medium 
[IMDM + 10% fetal bovine serum, giutamine {2.0 mM), and 2-mercaptoeihanol (100 iiM) containing 100 
"uM hypoxanthine. 0.4 uM aminopterin, and 16 M thymidine (HAT)]. Following a modification of the 
procedure of De SL Groth et al . [J. Immunol. Methods 35 :1 (1980)] spleen cells (10») were fused with 10 
PAI-0 mouse myeloma ceils growing in logarithmic phase. The cells were mixed, pelleted by centrifugation 
ana resusDended under constant gentle agitation in 1.0 ml of 35% (v/v) polyethylene glycol in IMDM at 37 
for 1 min' After incubation for 3 min. at 37* C, the cells were pelleted again by centrifugation and gently 
resuspended in 10 ml of IMDM + HAT. The cells were then diluted to 1 X 10 s cells per mi in complete 
medium + HAT and dispersed to 24-weil microliter plates (1 ml/well) containing 5X10' feeder ceils in 1 
ml of complete medium. Hybridoma supernatants were assayed for anti-lL-2 antibodies by the IL-2 EIA and 
RIA as shown in Examples 3 and 4. Hybridomas were cloned by limiting dilution. 

Example 3 



IL-2 EiA 

Hybridoma culture supernatants (66 ul) were added to wells of microtiter plates {Falcon Probind or 
Costar EIA) which had been coated with either rlL-2 or with the IL-2 peptides described above (100 ng/well 
at 37* C overnight) and which contained 35 ul of 2% BSA in 25 mM sodium phosphate (pH 6.5), 1 M NaCI 
and 0 15% Tween 20. After incubation at room temperature for 2 hrs, the wells were washed with PBS (25 
mM sodium phosphate {pH 7.4), 0.15 M NaCI) + 0.05% Tween 20. One hundred ul of goat anti-mouse fcG 
+ IgM, coupled to horseradish peroxidase [Boehringer-Mannheim Biochemicals. 1:1000 dilution jn antibody 
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buffer 25 mM sodium phosphate (pH 6.5). 0.5 M NaCI ♦ 0.05% Tween 20) was added to each well and 

incubated for 90 min. a. room temperature. The wells were washed with PBS ♦ 0.05% Tween 20. and 
ncubated with o-phenylenediamine (0.4 m S /m, in 0.! M citrate buffer (pH 4.5) ♦ .012% hydrogen perox.de, 
or 30 min. at room temperature. The reaction was stopped by the addition of 50 al of 2.5 M H.SO. 

containing 50 mM sodium metabisulfite. The OD t!S of the substrate color was read on a T.tertek Mult.scar, 

MC. 
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Example 4 



IL-2 RIA 



Hybridoma supernatants (0.1 - 0.5 ml) were incubated with 100 ul of a 50% suspension of goat ant> 
mouse IgG coupled to agarose beads (Sigma Chemical Co.) in 1% 8SA in RIPA buffer ,50 mM sod.rn 
ohosphate (pH 7 5), 1% Triton X-100, 1% deoxycholate, 0.1% sodium dooecylsulfate. 0.15 M NaCI. 5 mM 
EDTA) for 2 hrs on a rotating mixer at room temperature. The beads were pelleted by centrrfugaton. 
washed 1 fn RIPA buffer, and^SO a, of «. labelled IL-2 ,10-20 fmoles. 1 - 2 X 10' cpm, in 1% BSA ♦ 
RIPA buffer was added. After overnight incubation at 4"C on a rotating mixer, the beads were washed wth 
RIPA buffer and counted in an LKB gamma counter. 



Example 5 



IL-2 Neutralization Assay 



IL-2 bioactivity was determined by a microassay with the use of an IL-2 dependent cloned murine 
IL i °'°*=* v "» described by Gillis et al . Inhibition of IL-2 bioactivity was assayed by a 

m^'atiorTo he ,L^a» say Brfefly 25 al of concentrated hybridoma supernatant (20X) was 
SSJ^^u. - ^ containing IL-2 (1 UniVml) for 1 hr at 37" C. This rn^re was add* I to 5 
ul of medium and CTLL cells in a microliter plate and incubated overn.gnt at 37 C. The next day me 
cultures were pulsed with ^-thymidine (0.5 uCi/50 aV well) and .ncubated for 5 hrs at 37 C. The 
^0^00 of ^-thymidine was determined by liquid scintillation counting, and the results were e - 
p ressedT*e P«"^ inhibition 0f 3H *V midine incorporation in the presence of antibody, compared to 



40 medium control. 



45 



Example 6 



IL-2 Receptor Binding Assay 



so 
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Inhibition of Binding of '"l-IL-2 to target cells by hybridoma antibodies was determined as described 6y 
Robb et al [J Exo Med. 154 :1455 (1981)] with some modifications. Hybridoma supernatants (20x 
concen^tl^e or ncubated^ith '-HL-2 for 1 hr at 37" C. One hundred twenty al aiiquots ot rnunna 
CT6 o "man Peripnera, blood lymphocyte blast cells (6 X 10' cells, were added to ^g.ve aM« ^o. 
150 al After incubation for 20 min at 37" C. the cells were centnfuged for 90 sec at 4 C through a stone 
OH rnTxture Tube tips containing the cell pellets were excised and radioactivity was determ.ned ,n a gamma 
coun^ The resute are expressed as percent inhibition of «HW bound in the .presence o an*b oey 
compared tccontrol values. Table 2 summarizes the results of the assays descnbed ,n Example 3-6 Tne 
amTno acidslh parenthesis, e.g. . "(Lys 8)" under the column labelled "epitope" are essenbal for-b.nd.ng 
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The epitopes of the hybricoma antibodies were identified by E1A reactivity on the synthetic IL-2 
peptides described above and by Western blot and dot blot analysis on recombinant IL-2 analogs of Table 
1 . The Western blot and dot blot assays are described in Example 7. 



Example 7 



Epitope Mapping Analysis 



For Western blots using recombinant human IL-2 analogs, an E . coii protein extract is separated by 
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SOS-PAGE, transferred to nitrocellulose and probed with each hybridoma antibody. For dot blots, the E . 
coli extracts are applied directly to nitrocellulose, dried and probed with each antibody. The antibody bound 
tolhe IL-2 analog is visualized with a peroxidase conjugated anti-antibody and the peroxidase substrate, 4- 
CL-1-napthol. The results are summarized in Table 3 for the 40-70 amino acid region of IL-2. The data 
5 shown in Table 3 are a composite of the reactivity of each mAb with different IL-2 analogs as determined 
by Western and Dot Blot analysts. 

TABLE 3 



TO 



Micro-Epitope Analysis Within the 40-70 Amino Acid 


Region of IL-2 




Monoclonal Antibody Effect on IL-2 Function 




Inhibitory 


Non-Inhibitory 


Peptides 


13D2 


13A6 


1A4 


16A4 


31 A4 


Bound 












30-70 


+ 


+ 


+ 




+ 


40-70 


+ 


+ 


+ 


4. 




42-56 


+ 


+ 




+ 




52-70 












IL-2 Analogs Bound 


Thr'-Val 






+ 






Phe 42 -Tyr 




4. 




J. 


+ 


Lys* 3 -Glu 












Thr^-Phe 


+ 




+ 






Met* s — Leu 




+ 




+ 




Lys* 3 -Glu 












Lys*. 9 -Glu 


+ 




+ 


+ 




Ala 30 -Trp 






+ 


+ 




His-— Asp 












Cys S3 -Ser 








-T- 




Mouse IL-2 




+ 









The monoclonal antibodies of the invention may be used as reagents in conventional affinity chromatog- 
raphy procedures. The monoclonal antibodies of Group 3 are particularly useful as affinity reagents as they 
40 may be used to isolate and purify both mouse and human IL-2. The monoclonal antibodies described herein 
are also useful as reagents in a "Two-Site Sandwich Assay" to measure dilute quantities of IL-2 in biological 
fluids, e.g. , serum or plasma. 

The~monodonal antibodies of the invention are useful in a method for determining the amount of IL-2 
protein in a sample of biological fluid, which method comprises the steps of: 
45 (1} bindingTb" a solid carrier a first monoclonal antibody having the ability to bind to an epitope in the IL- 
2 protein; 

(2) contacting a biological fluid sample with said first monoclonal antibody to form an insoluble complex 
of said peptide and said IL-2 protein in said sample; 

(3) contacting the complex of Step 2 with a measured amount of a labelled second monoclonal antibody 
50 having the ability to bind an epitope on the IL-2 protein which is different from the epitope bound by said 

first monoclonal antibody; 

(4) separating said solid carrier from said fluid sample and said unreacted labelled antibody; and 

(5) measuring the amount of labelled antibody associated with said solid carrier; wherein the amount of 
said label present on said solid-phase substrate is proportional to the quantity of interleukin-2 protein 

55 present in said sample. 

As would be recognized by skilled artisans, mAbs from Group 1. 2 and 3 may be used interchangeably 
in the immunometric assay as long as the mAbs don't bind the same epitope on the IL-2 protein. For 
exam plev She-Group 3 mAb, 13A6 could not be used with the Group 1, mAb, 13D2 as both mAbs bind to 
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the 41-55 epitope of the IL-2 protein. Preferred for use in the immunometric assay is the_ Group 1 mAb 5B1 
nlus the Grouo 2 mAb 17A1. Both of these mABs have affinities in the range of 1x10 9 M '. 

The Two-Site Sandwich Assay of the invention has been standardized with a sensitive of 0.5 to 1.0 
nc'ml of IL-2 {32 25 to 64.5 fmoles/m!). The linear detecting range of the assay is 0.5-1.0 ng/ml to 10 ng/ml 
which corresponds to 5-10 U/ml to 100 U/mi. The sensitivity of the assay for IL-2 diluted in buffer conta.mng 
bovine serum albumin and in 100% human serum is comparable. 

As used herein the term "biological fluid" refers to blood, lymph and the like which conta.ns IL-2 
protein. The preferred biological fluid for use in the immunometric assay of the .mention is serum or 

PlaS ™e^rS of the invention used in the immunometric assay described herein may 

be immobilized on any of the common supports used in immunometric assays. Among these may be 
mentioned plastic beads or test tubes made from polyethylene, polystyrene ^P'opylene ™| 
material Also useful are particulate materiais such as agarose, cross-l.nked dextran. and other polysac- 
^TeUnlquee'for such bonding are well known to those skilled in the art Fo r eW. 
antibodies may be bound to polysaccharide polymers using the process descnoed m U.S. Patent No. 

3,64 Th 5 e^abelled second monoclonal antibody of the invention may be provided with any of ^ehbeta 
commonly used in prior art immunometric assays. Among these may be mentioned fluorogen.c labels i tor 
ZcL by fluorimetry as described in U.S. Pat. No. 3.940.475 and enzymatic markers « 
ITS Pat No 3,645.090 or radioisotopic labels ( e^g, , P=> using, for example, the procedure of Hunter et al . 
[Nature 144 :945 (1962)]. An enzymatic label is preferred for use herein. 
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Example 8 



A. IL-2 Two-Site Sandwich Assay 



so 



Tne Grouo 1 mAb 531 was diluted to 20 ugAnl with Coating Suffer (50 mM Tns-HC IS n^ 
8 0) and 100 'al of the soluflon was added to each well of a Cosiar EIA microliter plate. Tne pl. es were 
Tncubated overnight at room temperature. Thereafter, the plates were washed three t,mes w,th Wash Bune 
"25 sodium 9 p h= S pha«e buffer. 150 mM Nad. 0.05% Tween 20). « |% 

250 al) was added to each well of the prewashed plates. The plates were incubated 15-20 mm. at 37 C 
and thereafter washed three times with Wash Buffer. Thereafter. 100 ul of a serum sample o _a _s-nd-rd 
J. to each well and the plate was incubated overnight at 4 C. The plate was washed 3x with 

rlsnlZ tJT^I^Tl then added 100 a, of Bio«iny,ated Antibody Diluent (10 or 20 ug/ml o 
MAb 17A1) and the plate was incubated 2 hrs at 37' C with shaking. Tne plate was thereafter washed 3x 
Tim PBS™ a!,d 100 ul of Streotavidin/peroxidase connate was added to each well. Tne plate was 
; n incubaTed for , 5 min. at room temperate when shaking. The plate was washed 3x w* 
*Z m mi of Peroxidase Substrate was added to each well and incubated for 30 mm. at room temperature 
"th Sr:™.oPPed with 50 al o, a solution containing 2.5 M H,SO. and 50 mM sodium 
metabisulfite. The plate was read on a Titertek Multiscan MC at 492 nm. 

B. Preparation of Standards for Two-Site Sandwich Assay 

IL-2 was diluted in 1.4% bovine serum albumin (BSA) or in human serum. The solution was diluted _to 
give a series of dilutions containing from 0.1 ng/ml to 0.1 ag/ml. Eleven wells were used .or the s.anda.c 
curve. One well was used for the buffer blank. 

C. Biotinylation of Monoclonal Antibody 



The 



monoclonal antibody from Group 2 identified as 17A1 was dialed overnight against 0.1_M sodium 
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bicarbonate buffer <pH 8.4) at 4*C {at least 2 x 2 liters). The protein concentration was adjusted to 1-5 
mc/ml with 0.1 M sodium bicarbonate buffer, pH 8.4. There was added 100 Ul of 1.1 mg/ml N-hydroxy 
succinimide ester of biotin in freshly prepared DMSO to each ml of antibody (1.0 mg). The reaction was 
allowed to proceed at room temperature for 2 hrs. with occasional shaking. Thereafter, any unreacted ester 
was blocked by adding 100 ul of 1 N NH*Cl and incubating the mixture for an additional 10 m.ns. 
Thereafter 1 ml of 1% BSA in PBS buffer was added for each mg of antibody biotinylated. and the reaction 
mixture was dialed overnight at 4* C against PBS (pH 7.4) containing 0.01% thimerosal (at least 2 liters of 
PBS were used). 

D, Preparation of Peroxidase Substrate 



A solution of o-phenylenediamine (0.4 mg/ml) was prepared in citrate buffer, pH 4.5. To a 10 ml aliquot 
15 was added 4 ul of 30% H 2 0 2 to give a final concentration of 0.01 2%. 
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E. Composition of Other Buffers and Diluents 



1. Coating buffer 

50 mM Tris-HCl, pH 8.0 
150 mM NaCI 

2. Blocking buffer - "F3S buffer + 160 tig/ml human IgG" 
25 10% FOB (heat inactivated) 

1% BSA 
0.3% gelatin 

25 mM sodium phosphate buffer, pH 8.0 
150 mM NaCI 
30 16C ixg/ml human IgG 

3. IL-2 and Streptavidin-peroxidase diluent * "1.4% BSA Buffer" 

1.4% BSA 
0.3% gelatin 

25 mM sodium phosphate buffer, pH 7.5 
35 150 mM NaCI 

4. Biotinylated Antibody diluent - "FBS Buffer + Tween + hulgG" 
F3S buffer + human IgG 

0.2% Tween 20 

5. O-phenylenediamine buffer 
40 0.1 M citrate buffer, pH 4.5 

6. Wash buffer - "PBS/Tween" 

25 mM sodium phosphate buffer, pH 7.2 
150 mM NaCI 
0.05% Tween 20 

The above^described Two-Site Sandwich Assay is highly specific and sensitive, because the potential 
for cross-reactivity has been eliminated or greatly reduced by the use of the monoclonal antibodies of the 
invention. Since the occurrence of cross-reactivity is reduced or eliminated, the prospect of "false - 
positive" results is greatly reduced or eliminated. 

Comparison of the eoitooe maoping date with inhibition of IL-2 activity highlights two epitopes which are 
imcortant for human IL-2 activity: amino acids 1-19 and 41-55. Within the 41-55 area, antibody 13A6 (wh.ch 
neutralizes mouse IL-2 activity) has an epitope which must be different from, but close to. the epitope or 
13D2 which does not bind or neutralize mouse IL-2. Evidence that the 1-19 and 40-60 sequences are 
physically adjacent in the native molecule comes from epitope competition studies. Antibody 531. whicn 
binds residues 1-12. inhibits a mAb specific for residues 40-70 from binding IL-2, mAbs 17A1 and 3D5 
which bind residues 21-123 and 71-87, respectively, are not blocked in the same assay. Of the 75 mADs 
analyzed, more than 95% recognize epitopes which are concentrated between amino acids 1-19 and 40-80. 
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Claims 

1 A method for the quantitative determination of ungiycosylated human IL-2 in the presence of natural 

JHJ \ M SSSy to a solid carrier, which antibody specify binds to ungiycosylated 

IL-2 but does not substantially bind to glycosylated IL-2; —.^.i,,,,, 
b) contacting a biological fluid sample containing human IL-2 with the bound hrst ant,body und er condition 
!n which the antibody specifically binds to ungiycosylated IL-2 in the sample to form an .nsoluble complex 

of the first antibody and ungiycosylated IL-2; ,„«t,„ ri „ .ncrifiraiiv 

te) contacting the insoluble complex with a labeled second anbbody. wh.ch second anybody SP«« 
tedsto human IL-2 at an epitope net recognized by the first antibody, under conditions ,,„ w ch 
second antibody specifically binds to IL-2 in the complex to form an .nsoluble complex of the first and 
second antibodies and ungiycosylated IL-2; „„ H 
(d) separating the complex of step c from unbound antibodies and sample materials and 
e) measuring the amount of labelled second antibody bound in the complex of step d. 
thereby quantifying the amount of ungiycosylated human IL-2 in the sample. 

Hne method of claim 1 in which the first monoclonal antibody specifically binds to the threon.ne rescue 

at positions 3 of ungiycosylated human IL-2. 
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